1. Between-species competition shapes the distribution and abundance of populations. Aedes aegypti and Ae. albopictus are vectors of pathogens such as dengue and are known to compete at the larval stage.
Introduction
were explored for each species in isolation (1:0), equal ratios of each species (1:1) and biased ratios (2:1 142 and 1:2, 1:3 and 3:1). The procedure described in Figure 1 was repeated twice for each ratio. For low-density, 143 mixed-species treatments some of ratios could not be achieved with number of individuals in the tube (e.g. 4:3 144 can not be configured from 6 larvae). The density of these treatments was therefore increased slightly in order 145 to allow for these configurations. Ratios 1:0, 0:1, 1:1, 2:1, 1:2, 3:4, 4:3, 3:1, 1:3 Table 1 : A description of the density conditions (in larvae per millilitre, La/ml) explored in each treatment (T1 -5). The quoted ratios are those of Ae. aegypti to Ae. albopictus. Each condition/ratio combination was repeated twice. Tubes are repeated so that there were approximately 50 larvae subjected to each of the density treatments. Food treatments are scaled to the number of larvae in each pot (milligrams per pot, mg/pot) from the amount decided on in the pilot study. In low-density treatments, 6 individuals were insufficient to achieve the required ratios. We therefore increased the number of larvae to the minimum amount needed to make the ratio, and adjusted the feeding regime accordingly.
A pilot study (see Appendix A) demonstrated that 0.55 mg of liver powder delivered on day 0, 2 and 4 147 post-hatching supported the successful development of an individual larvae of either species in isolation. Liver 148 powder was delivered as a dilution, mixed so that 1ml of food solution contained the correct concentration of 149 food per-capita for each density treatment. When a larvae pupated, it was decanted to a separate container 150 with a small amount of water until emergence. We recorded the number of survivors and the development time 151 of these survivors. The species and gender of the emerged adult was then determined. We took the development 152 time of a larvae to be from hatching to pupation. A summary of the experimental procedure is given in the Figure 1: Summary schematic of the experimental design and procedure, shown for a 1:0 species ratio and 3 of the 5 density treatments tested. Falcon tubes were filled with reverse-osmosis water to 49ml, then made up with a final 1ml of a food dilution. Food dilutions were mixed so that 1ml held 0.55mg per larvae in suspension for each treatment (therefore a higher concentration was needed to cater for more larvae in higher density treatments). A further 1ml was added on day 2 and 4 of development. A number of larvae corresponding to one of the densities (6, 16, 28, 38 and 50 larvae for 0.12, 0.32, 0.56, 0.76 and 1 larvae per ml) were hatched and added to the falcons using a pipette. As the low density treatment contained only 6 individuals and the high density 50, it was necessary to repeat these tubes 10 times to achieve a similar sample size. All density treatments were repeated so that there were around 50 individuals experiencing each treatment. Pupated individuals were counted every day, and were removed and decanted to a small water filled tube until emergence. The emerged adults were sexed and identified to species level (for mixed species experiments). This procedure was repeated twice for each of the species ratios in Table 1 .
The probability p is written as a function of explanatory variables (say a vector of predictors X) (p = f (X)).
shape parameters, s 1 and s 2 p ∼ Beta(s 1 , s 2 ) This beta distribution is re-parametrised in terms of the mode of the distribution, for the following two reasons.
175
First, neither s 1 or s 2 describe a useful property of the beta distribution (e.g. mean, standard deviation) to 176 write as a function of covariates. Second, the mode is a far better description of skewed distributions than 177 other statistics such as the mean, which can be heavily influenced by "long tails". The re-parametrisation is as 178 follows, with the mode M and a certainty parameter θ (Kruschke, 2015)
In this case the mode M is written as as a function of the covariates (M = f (X)). A logit-link was used to 180 bound the mode between zero and one (logit(M ) = f (X)).
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Exploration of the survival data showed some evidence that the survival probability could be changing as a We modelled the development times as a gamma distribution (positive continuous values). As with the beta 192 distribution, the shape and rate parameters of the gamma distribution do not describe any useful property to 193 model as a function of the covariates. Additionally, when close to zero, the gamma distribution can be skewed.
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We therefore re-expressed the shape (k) and rate (r) parameters of the gamma distribution in terms of the To test the full model space, it would be necessary to explore all second and third order interactions 205 between these terms (this is similarly the case for survival, less the sex variable). We therefore opted to use can then interpreted as the preference for including predictors.
218
In our case, this procedure is complicated by the inclusion of two and three way categorical interactions with 219 hereditary constraints (the constituent, lower-order terms of an interaction must also be included in a model).
In the lowest density single-species treatments, Ae. aegypti was 6.58% [0.76, 15.89] more likely to survive 280 than Ae. albopictus. Ae. albopictus survivorship declined in response to Ae. aegypti density, and did so more The most frequently selected model during GVS was one including a species-and sex-specific adjustment to the 292 intercept as well as species-specific response to Ae. aegypti density, Ae. albopictus density and the interaction 293 between these two densities. This model was selected in 22.92% of 4x10 6 iterations, with the next nearest model 294 at 21.95% (8.70% after that). The full GVS results are given in appendix Table 7 . This next nearest model 295 excluded the interaction term and the species-specific response to either density, meaning it was nested in the 296 former. As these two models were selected with a comparable frequency and therefore had similar support, we 297 compared these two models using the product space method to further assess the performance of each model.
298
The Bayes factor supported the more complex model (log(BF 12 ) = −0.795), which included the species specific 299 effects and interaction.
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Parameter estimates are given in Table 3 (and shown in appendix Figure 9 ). The development times of Ae.
301
aegypti in the lowest density treatment were 15.52% [11.84, 19.30] Figure 4 , and the combined 307 intra-and interspecific effects in Figure 5 . 
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The model predicted that at the maximum combined densities of both species, surviving Ae. albopictus would 312 take 59.11 % [11.03, 109.54] longer to develop compared to the lowest density treatment. This is contrary to 313 the faster development time observed when responding to conspecific and heterospecific density in isolation.
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The interactive effect is observable in Figure 5 , towards the back right corner of the Ae. albopictus panels. The predictor for the interaction term was multiplied by 10 to keep it on the same scale as the two independent densities, so the effect size is directly comparable. † symbols denote parameters with intervals that cross zero. These have been retained due to hereditary constraints in predictor selection.
Discussion

319
As vectors of diseases such as dengue and Zika, the ecology of Aedes mosquitoes is of the utmost importance for 320 predicting vector occurrence, disease incidence and the efficacy of interventions. Our study aimed to quantify 321 the effects of inter-and intraspecifc competition on the survivorship and development time of larvae under a 322 particular per-capita feeding regime. We find that Ae. aegypti suffered intra-and interspecific competition 323 to a lesser extent than Ae. albopictus. Indeed, effect sizes were very small for Ae. aegypti (particularly for Table 4 : Priors used for fitting the binomial, beta binomial and development time models. Both intercepts were taken from pilot runs of the experiment, as was the standard deviation for development time.
beta-binomial in Table 6) , and the gamma model of development times (Table 7) . The frequencies with which 580 predictor combinations are reported, along with the absolute number of iterations. Parameter combinations 581 selected less than 1% of the iterations are not included in the tables. The fits corresponding to each of the best 582 fitting model are given in Figures 7 and 8 Figure 7 : Parameter estimates for the binomial model, after the predictors had been selected by GVS. Dots denote medians, thick lines the 90% HDIs and thin lines the 95% HDIs. In this model, σ aeg is the standard deviation of the normal distribution used to estimate the smoothing parameters (λ 1−5 ) of the 5-knot smooth function of Ae. aegypti density (Crainiceanu, Ruppert, and Wand, 2005) . Colons denote interactions, "Sp" the intercept change for Ae. albopictus and "Int" the intercept. D aeg and D alb are the densities of Ae. aegypti and Ae. albopictus respectively. This model was compared to the beta-binomial model (Figure 8 ). Dots denote medians, thick lines the 90% HDIs, and thin lines the 95% HDIs. In this model, θ is the certainty parameter, as mentioned in the re-parametrisation of the beta distribution in (Kruschke, 2015) . Colons denote interactions, "Sp" the intercept change for Ae. albopictus and "Int" the intercept. D aeg and D alb are the densities of Ae. aegypti and Ae. albopictus respectively. This model was compared to the beta-binomial model (Figure 7) . These estimates are also given in Table 2 Dots denote medians, thick lines the 90% HDIs, and thin lines the 95% HDIs. Colons denote interactions, "Sp" the intercept change for Ae. albopictus and "Int" the intercept. D aeg and D alb are the densities of Ae. aegypti and Ae. albopictus respectively. These four models were then compared using the PSM to decide on the best structure. Table 7 : Frequencies with which combinations of predictors were selected for the gamma GLM during GVS. N denotes for how many samples particular variable combinations were active, and the percentages are N divided by the total number of iterations (4x10 6 ). Int is the Intercept, Sp the species (categorical), Sx the sex (categorical), D aeg the density of Ae. aegypti and D alb the density of Ae. albopictus. Interactions between variables are denoted by colon. The most selected model is given in the first row, and included a sex-specific intercept, as well as Figure 11 : Plot showing the distribution of uncertainty (as a range in days) across the predicted response surfaces in Figure 5 .
